Summary: 8 Application of genomic approaches to "obscure model organisms" (OMOs), meaning species 9 with little or no genomic resources, enables increasingly sophisticated studies of genomic basis of 10 evolution, acclimatization and adaptation in real ecological context. Here, I aim to identify 11 sequencing solutions and data handling techniques best suited for genomic analysis of OMOs. 12 13
Trends: 14 -Adoption of allele frequency spectrum (AFS) analyses for demographic and population 15 structure studies, based on RAD sequencing data.
16
-Switch from RAD to whole-genome and exome sequencing in "genome scanning" 17 studies.
18
-Adoption of cost-efficient gene expression quantification methods based on counting 19 transcripts rather than on whole-transcriptome resequencing. 20 -Use of genetically driven gene expression signatures to examine genotype-phenotype 21 associations and genetic basis of adaptation.
22
-Studies of ecological dynamics and inheritance of DNA methylation marks based on 23 cost-efficient alternatives to bisulfite sequencing. 24 -Adoption of "third-generation" sequencing technologies (PacBio and Oxford Nanopore 25
Technologies) for generation of genome and transcriptome references. 26 27
Outstanding questions: 28 -How the power and accuracy of AFS analysis is affected by the limited number of 29 RAD loci? Although each RAD locus might contain several SNPs and thus the total SNP 30 count might seem large, SNPs from the same RAD locus are highly correlated and so the 31 number of independent data points is in fact much lower. 32 -What are the limits to genotype imputation in natural populations? Which pilot 33 experiments could help decide whether low-coverage whole genome sequencing with 34 imputation might be a feasible strategy for a particular organism? 35 -How to profile genetically determined gene expression in non-clonal organisms? 36
Cross-tissue analysis is promising but more validation experiments are needed to develop 37 guidelines on how many and which tissues should be profiled for best cost-benefit 38 balance. removal the false discovery rate should be set as high as 0.5 to ensure purging of the majority of 141 non-neutral sites. Although under this setting half of the removed sites would be neutral, their 142 removal will not affect the overall AFS as long as the removed fraction does not comprise more 143 than 1-2% of the total number of sites. 144 145
Genotyping quality 146 147
In diploids, the most common genotyping error is missing one of the alleles in a heterozygote (i.e., 148 a false homozygote call); and the next most common error is missing the whole SNP locus 149 entirely. Both these "missing data" errors are due to insufficient sequencing coverage, the 150 problem that is pervasive in today's OMO studies. Such errors strongly affect AFS in the region 151 of rare alleles, which is unfortunate since rare alleles are the most informative about recent 152 population history [6, 8] . A telltale sign of poor heterozygote calling is under-representation of 153
singletons, but frequencies of doubletons and higher-order frequency bins are also distorted, 154
Box 1: AFS models. In the world of OMOs we are usually dealing with samples from many populations, which would be hard or impossible to model simultaneously; moreover, there are usually many populations left unsampled. To infer meaningful demographic parameters in a sparsely sampled system of many populations, a reasonable practical solution is to perform twodimensional AFS analysis of all population pairs o compare single-population model with a size change in the past to a standard neutral model. Simple command-line scripts for AFS plotting and running basic pairwise models in moments can be found here: https://github.com/z0on/AFS-analysis-with-moments. To access the full potential of moments, however, the user is expected to compose python scripts of their own. which has strong effect on AFS itself and inferred demographic parameters until mean 155 sequencing coverage approaches ~10x is known to be extensive enough for RAD to produce "denser-than-LD" genotyping a better 222 solution would be to take full advantage of the extended LD and go for ultra-low coverage whole-223 genome sequencing (WGS) with imputation instead, to obtain full-genome phased data ( Gene expression is best known for its context-dependence reflecting phenotypic plasticity, which 307 is the view inherited from biomedical research dealing with genetically uniform models. In 308 natural populations, one of the most important sources of gene expression variation are genetic 309 differences among individuals, manifested as context-independent, individual-specific deviations 310 in gene expression. In two reciprocal transplantation experiments that we have performed on 311 different coral species in different oceans, stable between-genotypes differences accounted for 312 more than 50% of total gene expression variation despite transplantation duration of up to a year 313 [28, 29] . In non-clonal model organisms such as mice or humans, the direct demonstration of the 314 effect of genetic variation on gene expression are abundant differences in expression between 315 alleles of the same gene [30, 31] . Fixed between-population differences are best exemplified by 316 hundreds of genes are differentially expressed between African and European Americans protein-coding sequences (exome) genome sequence is not be the best reference; instead, a highly 388 contiguous transcriptome assembly would be preferable. Until now the standard way to generate a 389 de novo transcriptome was to perform high-coverage RNA-seq and assemble the results with 390
Trinity [45] . In the coming years, it is expected that even higher-quality and lower-cost OMO 391 transcriptomes would be generated by PacBio or ONT sequencing of full-length cDNA (or, for 392 ONT, direct mRNA sequencing). The long-read capacity of these technologies would essentially 393 obviate the need for assembly, leaving only the sequence correction procedure to be performed. 394 395
Finally, which tissue or body part to sample for sequencing? For genome sequencing it does not 396 matter much as long as contamination by other DNA sources can be kept to a minimum, but for 397 de novo transcriptomics it is not a trivial question, as gene expression varies dramatically across 398 tissues and life cycle stages. In mammals, there is definitely an organ of choice that expresses 399 nearly all genes in the genome: testis. Rather unexpected transcriptome complexity in the testis is 400 putatively due to chromatin re-packaging during spermatogenesis, which results in genome-wide 401 transcription leakage [46] . If so, testis might be a good choice for de novo transcriptomics not 402 only for mammals but for any organism that produces compact sperm. 403
